INTRODUCTION
============

Cannabis is the most commonly used illegal drug worldwide. According to the World Health Organization, approximately 147 million people, or 2.5% of the world population, consume cannabis.[@b1-cpn-15-237] Cannabis has the lowest initiation age of any illicit drug, and its use often begins during early adolescence.[@b2-cpn-15-237] Although many people consider cannabis to have few negative side effects, a number of studies have shown that exposure to cannabis is associated with impairments in cognitive processing,[@b3-cpn-15-237],[@b4-cpn-15-237] myocardial infarction, and even sudden death.[@b5-cpn-15-237] Its most common acute adverse effects are anxiety, panic reactions, and psychotic symptoms.[@b6-cpn-15-237] Cannabis has been linked to increased risk of psychiatric disorders. A follow-up study stated that those who had used cannabis by age 18 years were 2.4 times more likely to be diagnosed with schizophrenia.[@b7-cpn-15-237] A relation between depression and frequency of cannabis use in individuals aged 16 years was found.[@b8-cpn-15-237]

Tetrahydrocannabinol (THC) is the major psychoactive component of cannabis, and this compound has been associated with several common effects in the immune system.[@b9-cpn-15-237] Cytokines are the central signaling molecules of the immune system, as well as a primary regulator of inflammation. Cannabinoids have two main receptor subtypes; the CB1 receptor is mainly expressed by neuronal cells,[@b10-cpn-15-237] and the CB2 receptor has been isolated in the immune system.[@b11-cpn-15-237] Following the characterization of these cannabinoid receptors, the association between cannabis and the immune system has been widely studied, but it remains unclear whether cannabis inhibits or enhances the immune system. Previous studies indicated altered cytokine levels and emphasized some cytokines interleukin (IL) 6, IL-12, and interferon (IFN) γ for psychiatric disorders.[@b12-cpn-15-237],[@b13-cpn-15-237] It was suggested that IFN-γ plays a role by acting to regulate the development of anxiety-like behaviors[@b13-cpn-15-237] and IL-6 stimulation disrupt normal brain development.[@b14-cpn-15-237]

Oxidative stress reflects and imbalance between the production of free radicals and antioxidant defenses or to repair the resulting damage. In animal studies, Wolff *et al*.[@b15-cpn-15-237] demonstrated that THC impairs the complexes I, II, and III of the mitochondrial respiratory chain and mitochondrial coupling and also it increases brain free radicals production and mitochondrial free radical leakage. Parolini and Binelli[@b16-cpn-15-237] found that THC caused significant imbalances in oxidative status and enhanced the levels of oxidative stress-induced lipid peroxidation, protein carbonylation, and DNA damage. Many studies have investigated the link between oxidative stress and psychiatric disorders,[@b17-cpn-15-237]--[@b19-cpn-15-237] but few have evaluated the role of oxidative stress in substance use disorders. Sordi *et al*.[@b20-cpn-15-237] found positive correlation between reactive substance level and severity of crack cocaine use. Huang *et al*.[@b21-cpn-15-237] showed that alcoholic patients had imbalanced oxidative status.

It has been proposed that elevated levels of inflammatory cytokines and oxidative imbalance underlie the development of psychiatric disorders. The present authors further propose that there are links between cannabis and alterations in oxidative status and increased levels of proinflammatory cytokines. Thus, the present study aimed to investigate the oxidative status and immune response of patients with cannabis use disorder.

METHODS
=======

Subjects
--------

Research ethics approval was obtained from the Ethics Committee of the Medical School of Harran University (14118). Written informed consent was obtained from all subjects. Thirty-four patients with cannabis dependency between 18 and 35 years of age, diagnosed according to The Diagnostic and Statistical Manuel of Mental Disorders, fifth edition[@b22-cpn-15-237] (DSM-5) (H.B.) in the outpatient Psychiatry Department of Harran University Hospital were involved. All of the individuals in the patient group were using cannabis at the time of sampling and had positive urine cannabinoid test. Exclusion criteria were as follows: any other substance use disorders except nicotine, any other psychiatric disorders, taking any medications, presence of severe organic condition, presence of epilepsy and severe neurologic disorder, presence of infectious disease, excessive obesity and insufficient sampling. The control group is formed of 34 healthy male subjects who were chosen among the university students and hospital staff. All control subjects had no history of cannabis use. These were free of any medication for at least 6 weeks prior to blood sampling. Patients and controls were matched for sociodemographic characteristics such as age, gender, education years and body weight. As all patients smoke cigarette, we composed the control group with smokers. None of the control subjects were alcohol drinker, or had ever taken psychotropic drugs. They had no history of psychiatric or neurological disorders.

Blood Samples and Meusurements
------------------------------

We searched literature in regard of association between cytokines and illicit drugs and psychiatric disorders. As a result, we decided to investigate potential candidates such as IL-1β, IL-6, IL-8, and tumor necrosis factor (TNF) α and total oxidant status (TOS), oxidative stress index (OSI). Serum total antioxidant status (TAS), TOS, OSI, IL-1β, IL-6, IL-8, IL-12 and TNF-α and IFN-γ levels were measured in both groups. After 12-hour fasting, venous blood samples from left forearm vein were collected during routine laboratory evaluation at 8 am. Venous blood was extracted into serum tubes and centrifuged for 10 minutes at 5,000 rpm. Serum samples were then stored at −80°C until the analysis. Plasma samples were analyzed via enzyme-linked immunosorbent assay (ELISA) for IL-12 p70 (eBioscience), IL-6 (Dia Source), IFN-γ (Dia Source), IL-1β (Dia Source), IL-8 (Dia Source), and TNF-α (Dia Source).

TAS of the serum was measured using a novel automated colorimetric measurement method developed by Erel.[@b23-cpn-15-237] The assay results are expressed as mmol Trolox Eq/L, and the precision of this assay is excellent, being lower than 3%.[@b24-cpn-15-237] TOS of the serum were measured using a novel automated colorimetric measurement method developed by Erel.[@b25-cpn-15-237] This method is rapid, easy, stable, reliable, sensitive, inexpensive and fully automated. The developed method has high linearity and the results are highly reproducible. The reagents are easy to prepare and their lifetimes are long.[@b23-cpn-15-237],[@b25-cpn-15-237] The assay is calibrated with hydrogen peroxide and the results are expressed in terms of micromolar hydrogen peroxide equivalent per liter (μmol H~2~O~2~ Eq/L). OSI was calculated as TOS/TAS ratio.[@b26-cpn-15-237]

Statistical Analysis
--------------------

The data were analyzed using Statistical Package for Social Sciences (SPSS) for Windows version 15.0 (SPSS Inc., Chicago, IL, USA). The Kolmogorov-Smirnov test was used to determine whether the data were distributed normally. The significance of differences between groups was estimated by *t* test and Mann Whitney *U* test. Parametric tests were used for normal distribution. We used Pearson test for correlation. The results for parametric tests were expressed as the mean±standard deviation. The results for non-parametric tests were expressed as the median±interquartile range. A *p* value less than 0.05 were considered as statistically significant.

RESULTS
=======

This study included 34 patients with cannabis use disorder with a mean age of 26±9 years and 34 healthy controls with a mean age of 26±8 years. No statistically significant differences were detected in age and sex between the two groups (*p*\>0.05). Mean duration of cannabis use was 55±7 months in patient groups ([Table 1](#t1-cpn-15-237){ref-type="table"}).

The patient and healthy control groups did not significantly differ in terms of age or gender (*p*\>0.05). There were statistically significant increase in the TOS, OSI, and IL-1β, IL-6, IL-8, and TNF-α levels of the patients compared to the controls, but there were no significant differences in the TAS, IL-12, or IFN-γ levels between the two groups. Additionally, IL-6 levels were positively, mild statistically significantly correlated with TOS (r=0.411, *p*=0.001) and also correlated with OSI levels (r=0.409, *p*=0.001). But there were no statistically signifacant correlation between the TAS, TOS, OSI, IL-12, and IFN-γ levels in patients. The TAS, TOS, OSI, IL-1β, IL-6, IL-8, IL-12, TNF-α, and IFN-γ levels are provided in [Table 2](#t2-cpn-15-237){ref-type="table"}. There were no statistically correlations between duration of cannabis use and oxidant, anti-oxidant and cytokines.

DISCUSSION
==========

In the present study, there was a significant increase in the levels of IL-1β, IL-6, IL-8, and TNF-α in patients with cannabis dependency, but no significant differences between the patients and controls were observed in terms of IL-12 and IFN-γ levels. To our knowledge, this is first study to evaluate cytokine levels in patients with dependency. IL-1β, IL-6, IL-8, and TNF-α have important role in proinflammatory process. Many psychiatric disorders are associated with altered cytokine levels. For example, patients with major depression had increased TNF-α, IL-6, and IL-1β levels,[@b27-cpn-15-237] and antidepressants may reverse the inflammatory process.[@b28-cpn-15-237] Korczak *et al*.[@b29-cpn-15-237] reported that cytokines were responsible for depressive symptoms in patients with type 1 diabetes, and Westling *et al*.[@b30-cpn-15-237] found that IL-1β reactivity was associated with symptoms of hostility. Accordingly, Müller *et al*.[@b31-cpn-15-237] determined that patients with schizophrenia who were treated with adjunctive nonsteroidal anti-inflammatory agents exhibited significant improvements in total symptoms. Pedrini *et al*.[@b32-cpn-15-237] observed that schizophrenic patients exhibit increased levels of IL-6 but decreased levels of IL-10. In another study, the IL-6 levels of acutely relapsed inpatients and first-episode psychosis patients were elevated, but antipsychotic treatment normalized these levels.[@b33-cpn-15-237]

Despite these findings, the effects of cannabis on the immune system are contradictory. Several factors such as acute or chronic administration, dose and inhalation or digestion of cannabis may contribute to this contradictory. Jan *et al*.[@b34-cpn-15-237] suggested that cannabidiol markedly suppressed humoral immunity, and another study found that high-dose cannabis suppressed resistance to infection.[@b35-cpn-15-237] However, these studies administered cannabis at levels that were much higher than a human could tolerate, 100 to 1,000 times higher than the THC levels in the blood of addicted people.[@b36-cpn-15-237] At physiological doses, cannabis may stimulate the immune system rather than suppress it, which suggests that this drug has dose-dependent effects.[@b37-cpn-15-237] Beside cannabis, other illicit drugs have effects on immune system. Narvaez *et al*.[@b38-cpn-15-237] reported that patients with crack cocaine use disorder had higher circulating levels of IL-1β, TNF-α and IL-10. Byrd *et al*.[@b39-cpn-15-237] suggest that opiate addiction had immunosuppressive role in the brain. CB2 receptors have focus on its role in the immune system.[@b11-cpn-15-237] Accumulating evidence showed that CB2 receptors are widely expressed in the brain, especially microglia and neurons.[@b40-cpn-15-237]

The present study also found that patients with cannabis dependency had significantly higher levels of TOS and OSI than did healthy control subjects, although there was no difference in TAS levels. The relationship between psychiatric disease and oxidative stress has been extensively researched, and an imbalanced oxidative status has been implicated in bipolar disorder,[@b18-cpn-15-237],[@b41-cpn-15-237] adult attention deficit hyperactivity disorder,[@b17-cpn-15-237] generalized anxiety disorder,[@b42-cpn-15-237] and panic disorder.[@b43-cpn-15-237] However, the role that oxidative stress plays in substance use disorders remains unclear. Sordi *et al.*[@b20-cpn-15-237] found positive correlation between reactive substance level and severity of crack cocaine use. Huang *et al*.[@b21-cpn-15-237] showed that alcoholic patients had imbalanced oxidative status. THC increases oxidative stress and induces cerebral mitochondrial dysfunction via enhancements in H~2~O~2~ production in the mitochondria.[@b15-cpn-15-237] In the present study, IL-6 showed positive correlations with TOS and OSI. The activation of CB1 receptors in astrocytes increases glucose oxidation,[@b44-cpn-15-237] and IL-6, which is pro-inflammatory, is synthesized by astrocytes. The production of reactive oxygen species is closely associated with the production of energy, and thus is directly associated with mitochondrial activity.[@b45-cpn-15-237] The brain is the most energy-consuming organ in the body, and the balance between oxidants and antioxidants is very important for brain aging.[@b46-cpn-15-237] Free radicals in the body induce oxidative damage to cellular components, genetic materials, a process which results in altered cellular function and genetic expression, deteriorated tissue and organ function, and eventually death. In our previous study, we found increased S100B levels in cannabis use disorder, which indicates neuronal damage.[@b47-cpn-15-237] Regulation of gene expression is a significant mechanism by which chronic exposure to an illicit drug causes long-lasting changes in the brain that underlie the behavioral abnormalities that characterize a state of addiction.[@b48-cpn-15-237] And oxidative stress and inflammation may have role in this process.

The present study has several limitations that should be noted. First, the sample size was relatively small (34 patients, 34 controls) and all patients were male, so the effects of gender could not be investigated. Second, we measured the cannabis in urine as positive or negative so we didn't measure the amount of the cannabis that patients used. Next studies should take into consideration the frequency and amount of used cannabis. On the other hand, the present study was the first to evaluate cytokine activity and oxidative status in patients with cannabis use disorder.

In conclusion, the oxidative balance of individuals with cannabis use disorder was impaired and they had higher levels of IL-1β, IL-6, IL-8, and TNF-α, which is a pro-inflammatory cytokine and indicates increased inflammation compared to healthy controls. Thus, these findings suggest that cannabis increased inflammation and impaired the oxidative balance in patients with cannabis use disorder. The inflammation and oxidative stress, which cannabis caused, associated neuronal damage and neuronal death may lead to permanent behavioral abnormalities and clinical implications such as cognitive impairment, anxiety, depression and psychotic symptoms. Next studies should focus on these associations and investigate the role of anti-inflammatory and anti-oxidant treatment in cannabis use disorder.

This study was funded by Harran University Board of Scientific Research Projects (funding number: 14118).

This study was presented as a poster in 2016 Annual Meeting of Society of Biological Psycchiatry, Atlanta, GA, USA.

###### 

Sociodemographic information of participants[\*](#tfn2-cpn-15-237){ref-type="table-fn"}

                                   Subject (n=34)   Control (n=34)   *p* value
  -------------------------------- ---------------- ---------------- -----------
  Age (yr)                         26.72±9.45       26.36±8.13       0.989
  Duration of substance use (mo)   55.67±7.23                        

Values are presented as mean±standard deviation.

All participants were males.

###### 

Oxidant, antioxidant and cytokine levels of participants

                                                                       Subject (n=34)   Control (n=34)   *p* value
  -------------------------------------------------------------------- ---------------- ---------------- -----------
  TAS (μmol Trolox Eq/L)[\*](#tfn3-cpn-15-237){ref-type="table-fn"}    0.99±0.12        1.02±0.11        0.352
  TOS (μmol H~2~O~2~ Eq/L)[†](#tfn4-cpn-15-237){ref-type="table-fn"}   42.1±16.79       12.71±5.26       \<0.0001
  OSI[†](#tfn4-cpn-15-237){ref-type="table-fn"}                        4.00±1.72        1.213±0.49       \<0.0001
  IL-1β (pg/ml)[\*](#tfn3-cpn-15-237){ref-type="table-fn"}             47.00±12.75      28.03±8.30       \<0.0001
  IL-6 (pg/ml)[\*](#tfn3-cpn-15-237){ref-type="table-fn"}              17.75±5.17       12.15±3.48       \<0.0001
  IL-8 (pg/ml)[\*](#tfn3-cpn-15-237){ref-type="table-fn"}              46.65±14.10      24.49±6.82       \<0.0001
  IL-12p70 (pg/ml) [†](#tfn4-cpn-15-237){ref-type="table-fn"}          7.37±1.51        7.31±1.69        0.917
  IFN-γ (IU/ml)[\*](#tfn3-cpn-15-237){ref-type="table-fn"}             0.41±0.07        0.40±0.05        0.149
  TNF-α (pg/ml)^\*\*^                                                  7.99±1.56        7.07±1.08        0.007

Independent *t* test was used and expressed as mean±standard deviation.

Mann-Whitney *U* test was used and expressed as median±interquartile range.
